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)LJ&KDQJHVRIDSRURVLW\DQGEIOH[XUDOVWUHQJWKRIFRQWUROPRUWDUVDQGFRQWDPLQDWHGELRORJLFDOO\
7KHFKHPLFDOR[\JHQGHPDQG&2'WHVWLQJ7DEOHUHYHDOHGWKHGHPDQGIRUR[\JHQXVHGXSIRUWKHR[LGDWLRQ
RI RUJDQLF DQG LQRUJDQLF FRPSRXQGV LQ WKH VDPSOHV WHVWHG ,Q QRQPRGLILHG VDPSOHV RQO\ LQRUJDQLF FRPSRXQGV
ZHUHR[LGLVHG7KHUHIRUHLWLVSODXVLEOHWRDVVXPHWKDWWKHQHDUO\[DQG[LQFUHDVHLQWKH&2'RI&13FHPHQWV
ZDV OLQNHG WR WKH R[LGDWLRQ RI RUJDQLF FRPSRXQGV H[SRVHG WR ELRORJLFDO FRQWDPLQDWLRQ IRU  DQG  PRQWKV
UHVSHFWLYHO\,QWKHFRQWUROVDPSOHVZLWKPRGLILHUVR[\JHQZDVDOVRXVHGWRR[LGLVHRUJDQLFPRGLILHUVDQGIRUWKLV
UHDVRQ WKHLU &2' URVH E\ PRUH WKDQ   DQG  WLPHV UHVSHFWLYHO\ LQ QRQFRQWDPLQDWHG &03$ &036L DQG
&03.$FHPHQW7KH FRQWDPLQDWLRQRIPRGLILHG FHPHQWPDWHULDOV FDXVHG DYHU\ VWURQJ LQFUHDVH LQ WKHLU R[\JHQ
GHPDQG DIWHU  DQG PRQWKV7KH LQFUHDVH LQ FHPHQWVZLWK DFU\OLF UHVLQZDV  DQG PJ2GPZLWK
SRO\VLOR[DQ UHVLQZDVDQGPJ2GPDQGZLWKSRO\FDUER[\ODWH UHVLQ LWZDVDQGPJ2GP7KHVH
YDOXHVLOOXVWUDWHWKHVXVFHSWLELOLW\RISRO\PHUPRGLILHGFHPHQWPRUWDUWRELRGHWHULRUDWLRQ
7KH LQYHVWLJDWLRQRI WKHSRURVLW\RIPDWHULDOV DIWHU PRQWKV H[SRVXUH WR DFWLYDWHG VOXGJH VHH LQ)LJXUHD
VKRZHG
x DVLJQLILFDQWLQFUHDVHLQSRUHYROXPHLQWKHUDQJHRIyQPSRUHGLDPHWHUIRU&13
x DVLJQLILFDQWUHGXFWLRQRIWKHSRUHYROXPHIRU&03$DQG&036LWKURXJKRXWWKHUDQJHRIWKHSRUHGLDPHWHU
x SRUHYROXPHLQFUHDVHWRQPDQGDUHGXFWLRQLQWKHUDQJHRIyQPSRUHGLDPHWHUIRU&03.
FRPSDUHGWRWKHUHVSHFWLYHFRQWUROVDPSOHV








339 Maria Fiertak and Elżbieta Stanaszek-Tomal /  Procedia Engineering  65 ( 2013 )  335 – 340 
DEF
  
)LJ7KHREVHUYHGDXQVHDOLQJFUDFNVWKH&13VWUXFWXUHEWKHSUHVHQFHRIHWWULQJLWHLQWKHSRUHVRIWKH&03$F('6DQDO\VLVDWWKH
SRLQW
DE
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)LJ7KHREVHUYHGDWKHSRUHVRI&036LILOOHGZLWKJ\SVXPE('6DQDO\VLVDWWKHSRLQW
DE
 
)LJ7KHREVHUYHGDPLQHUDOL]DWLRQRIFDOFLXPFDUERQDWH&03.E('6DQDO\VLVDWWKHSRLQW
7KHVFDQQLQJPLFURVFRSLFVWXGLHVZDVRQO\SHUIRUPHGRQWKHH[WHUQDOOD\HUVRIWKHVDPSOHV)LJEXWQRW
RQ WKH VXUIDFHFRYHULQJ ELRILOP &RQVLGHUDEOH TXDQWLWLHV RI FDOFLXP FDUERQDWH ZHUH IRXQG LQ WKH SRUHV DQG
PLFURFUDFNLQJ RI WKH FRQWDPLQDWHG VDPSOHV 6HFRQGDU\ HWWULQJLWH ZDV DOVR IRXQG FU\VWDOOLVHG LQ WKH RSHQLQJV DV
VKRZQLQ)LJXUHVE7KHILJXUHVVKRZ[HQODUJHPHQWVRIWKHFRUURVLRQSURGXFWVDQGDQ('6DQDO\VLVDWSRLQWV
VKRZQRQ WKHSKRWRV&U\VWDOV RI&D&2 DQG&D2 Â$O2  &D62 ā +2ZHUHREVHUYHG LQ DOO WKH VDPSOHV
WHVWHG7KHLU FRQFHQWUDWLRQVGLPLQLVKHGDW UDWHV WKDWGHSHQGHGRQ WKH W\SHRIFHPHQWPRUDWU LH LQ WKH IROORZLQJ
RUGHU&03$&036L&13DQG&03.$GGLWLRQDOO\WKHVDPHIXQJLWKDWZHUHGHWHFWHGLQWKHELRILOPRQWKHQRQ
PRGLILHGVDPSOHVZHUHDOVRGHWHFWHGLQVLGHWKHPRGLILHGVDPSOHV
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'LVFXVVLRQRIWKHUHVXOWV
7KHVWXG\LQWRWKHLPSDFWRIPLFURRUJDQLVPVLQDFWLYDWHGVOXGJHLQVHZDJHWUHDWPHQWSODQWVRQSRO\PHUPRGLILHG
FHPHQWPDWHULDOVVKRZHGWKDW
x $IWHUPRQWKVH[SRVXUHFKDQJHVWKDWRFFXUUHGGHSHQGRQWKHW\SHRISRO\PHUPRGLILHU7KHJUHDWHVWFKDQJH
ZDVREVHUYHGLQQRQPRGLILHGFHPHQWVDQGFHPHQWVPRGLILHGZLWKDFU\OLFDQGSRO\VLOR[DQUHVLQV
x 3RO\FDUER[\ODWHUHVLQVXVHGLQFRQFUHWHWHFKQRORJ\DVVXSHUSODVWLFL]HUVZHUHDOVRDIIHFWHGE\PLFURRUJDQLVPV
EXWWRDPXFKOHVVHUGHJUHH,QGHHGWKH\GLVSOD\HGDGYHUVHFKDQJHVWRFDSLOODU\ULVHPDVVKXPLGLW\&2'DQG
VLJQLILFDQWFKDQJHVWRIOH[XUDOVWUHQJWK
x $FWLRQRIPLFURRUJDQLVPVRQ FHPHQWSRO\PHU FRPSRVLWHV FDXVHV D FRQWLQXRXVGHFUHDVHRI S+ ZDWHU H[WUDFW
ZKLFK LV HVSHFLDOO\ LPSRUWDQW LQ WKH DVVHVVPHQW RI WKHLU SURSHUWLHV LQ UHODWLRQ WR WKH SURWHFWLRQ RI UHLQIRUFLQJ
VWHHO
x 7KH VHOHFWLRQRI EHQGLQJ VWUHQJWK DQGZDWHU DEVRUEDELOLW\ DV WKHGLDJQRVWLF LQGLFDWRUV GRHVQRW IXOO\ LOOXVWUDWH
FKDQJHVRI WKH VWUXFWXUHRI WKHPDWHULDOVFDXVHGE\ELRORJLFDOFRUURVLRQ ,QGHHG WKHUHZHUH WZRFRQWUDGLFWRU\
SURFHVVHVORVVRIWLJKWQHVVGXHWRPLFURFUDFNLQJDQGGHSRVLWLRQRIVXOSKXULFFRUURVLRQSURGXFWVHWWULQJLWHDQG
J\SVXPDQGDVZHOODVLQWRWKHIRUPHGPLFURFUDFNVRIFDOFLXPFDUERQDWHSURGXFHGGXULQJWKHPLQHUDOLVDWLRQRI
RUJDQLFVXEVWDQFHVLQFOXGLQJWKHSRO\PHUPRGLILHUV
x &2' DQDO\VLV KDV SURYLGHG D JRRG LQGLFDWRU RI WKH ELRORJLFDO FRQWDPLQDWLRQ &2' LOOXVWUDWHV QRW RQO\ WKH
FRQFHQWUDWLRQRIPLFURRUJDQLVPVLQWKHPDWHULDOVWHVWHGEXWDOVRLWVLQIOXHQFHRQWKHLUSURSHUWLHV
&RQFOXVLRQV
6XPPDUL]HVWXGLHVDQGWKHUHVXOWVREWDLQHGVKRXOGEHQRWHGWKDWVHOHFWLQJRUJDQLFPRGLILHUIRUFHPHQWPDWHULDOV
QHHG WR FRQVLGHU D IHZ WKLQJV2Q WKH RQH KDQG FRQVLGHU WKH EDVLF SDUDPHWHUV WKDW DUH LPSURYLQJ LH WLJKWQHVV
DGKHVLRQDQGFKHPLFDOUHVLVWDQFH2QWKHRWKHUKDQGWKHFRQGLWLRQVRIXVHRIWKHEXLOGLQJLQWHUPVRIVXVFHSWLELOLW\
RISRO\PHUVWRELRORJLFDOFRUURVLRQ
5HIHUHQFHV
>@ -0RQWHQD(9LQFNH$%HHOGHQV1'H%HOLH/7DHUZH'9DQ*HPHUWDQG:9HUVWUDHWH&KHPLFDOPLFURELRORJLFDODQGLQVLWXWHVW
PHWKRGVIRUELRJHQLFVXOIXULFDFLGFRUURVLRQRIFRQFUHWH&HPHQWDQG&RQFUHWH5HVHDUFK9RO1RS
>@ 9*5RVDWR3DWKRORJLHVDQGELRORJLFDOJURZWKVRQFRQFUHWHGDPVLQWURSLFDODQGDULGHQYLURQPHQWVLQ$UJHQWLQD0DWHULDOVDQG6WUXFWXUHV
S±
>@ :'H0X\QFN9'H%HOLH,PSURYHPHQWRIFRQFUHWHGXUDELOLW\ZLWKWKHDLGRIEDFWHULD3URFHHGLQJVRIWKH)LUVW,QWHUQDWLRQDO&RQIHUHQFH
RQ6HOI+HDOLQJ0DWHULDOV$SULOS
>@ ( 9LQFNH ( 9DQ :DQVHHOH - 0RQWHQ\ $ %HHOGHQV ,QIOXHQFH RI SRO\PHU DGGLWLRQ RQ ELRJHQLF VXOIXULF DFLG DWWDFN RI FRQFUHWH
,QWHUQDWLRQDO%LRGHWHULRUDWLRQ	%LRGHJUDGDWLRQ,VVXHS
>@ -' *X 5 0LWFKHOO 0LFURELRORJLFDO LQIOXHQFHG FRUURVLRQ GHJUDGDWLRQ DQG GHWHULRUDWLRQ RI SRO\PHULF PDWHULDOV RI VSDFH DSSOLFDWLRQ
&KLQHVH-RXUQDORI0DWHULDOV5HVHDUFKS
>@ +/DMLOLû3'HYLOOHUVû&*UDPELQ/DSH\UHû-3%RXUQD]$OWHUDWLRQRIDFHPHQWPDWUL[VXEMHFWHGWRELROL[LYLDWLRQWHVW0DWHULDOVDQG
6WUXFWXUHVS±
>@ -L'RQJ*X7()RUGE16%HUNHF50LWFKHOO%LRGHWHULRUDWLRQRIFRQFUHWHE\ WKH IXQJXV)XVDULXP ,QWHUQDWLRQDO%LRGHWHULRUDWLRQ	
%LRGHJUDGDWLRQS
>@ /&]DUQHFNL3àXNRZVNL%HWRQ\FHPHQWRZRSROLPHURZH&:%S
>@ 0 )LHUWDN ( 6WDQDV]HN7RPDO 7UZDáRĞü WZRU]\Z FHPHQWRZ\FKPRG\ILNRZDQ\FK SROLPHUDPL SRGGDQ\FK G]LDáDQLXPLNURRUJDQL]PyZ
2FKURQDSU]HG.RUR]MąS
>@31%=DSUDZ\EXGRZODQH%DGDQLDFHFKIL]\F]Q\FKLZ\WU]\PDáRĞFLRZ\FK
>@31(1$0HWRG\EDGDĔ]DSUDZGRPXUyZ&]ĊĞü2NUHĞOHQLHZ\WU]\PDáRĞFLQD]JLQDQLHLĞFLVNDQLHVWZDUGQLDáHM
]DSUDZ\RU\J
